The use of the Universal Soil Loss Equation (USLE) and the Sediment Delivery Ratio (SDR) facilitates sediment yield (SY) estimates in watersheds. However, the soil loss predictions are frequently unrealistic because of the methods used to estimate the USLE's factors. Here, we evaluated the performance of methods to estimate the soil erodibility (K-factor) and the influence of its estimation in the SY predictions. K-factor values were obtained from three widely used equations and using a portable rainfall simulator. These values were used to compute annual average soil loss and SY in a tropical watershed. We compared SY estimates with a 15-month observed sediment discharge dataset sampled in the catchment outlet. The most reliable method for the K-factor estimating was the USLE nomograph. Furthermore, our results indicate that the use of a portable rainfall simulator to estimate the K-factor tends to underestimate soil loss and sediment delivery.
Introduction
The prediction of soil loss is important to establish practices of land use for future generations, thereby ensuring the sustainable production of food, fibers and renewable fuels [1, 2] . However, it is well known that only a fraction of the sediment eroded within a drainage basin will find its way to the catchment outlet and be represented as the sediment yield [3] . The Sediment Delivery Ratio (SDR) is widely used to represent the entire process involved between on-site erosion and downstream sediment yield. SDR is the ratio between the sediment yield at the catchment outlet and the gross soil erosion of the whole drainage area. This approach has been used to estimate the sediment yield in many watersheds worldwide [3, 4] . Over the last decades, the development of Geographical Information Systems (GIS) technologies allowed the application of the Universal Soil Loss Equation (USLE) and SDR models to compute sediment yield spatially. Such estimates are possible by calculating the product between the gross erosion given by the USLE in a cell i of a catchment and the SDR calculated for the same cell i, representing the contribution of each cell i to the catchment's sediment yield [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] .
The USLE [14] and its revised version [15] have been widely used in Brazil [16] [17] [18] [19] and worldwide [20, 21] . However, the results are frequently unrealistic because of the methods used to estimate some factors of this equation, which were empirically developed in the United States
Materials and Methods

Study Area
The Córrego Água Azul catchment (area of 2.69 km 2 ) is located in the municipality of Ceres, State of Goiás, Brazil (49 • Figure 1A ). The area belongs to the geological formation Complexo Barro Alto, made up of decomposed basic igneous rocks (45% to 52% of silica) and containing a substantial amount of reworked material [39] . In general, landform is flat to slightly wavy, with altitude ranging from 525-644 m and average slope steepness of 0.0654 m m −1 . The catchment is regularly drained (drainage density equal to 0.80 km km −2 ), and it has one first order main stream. The study area faces accelerated rill and interrill soil erosion due to the dominant agricultural land uses.
According to Köppen climate classification, the climate is Aw tropical wet and dry or savanna, with the dry season occurring during winter. The average annual temperature and precipitation are approximately 25 • C and 1300 mm, respectively. Monthly and annual rainfall data for the last 12 years were obtained from the Instituto Nacional de Pesquisa Espaciais (INPE) and the Sistema de Meteorologia e Hidrologia do Estado de Goiás (SIMEHGO). The predominant soil types are Latossolos (Oxisols), Nitossolos (Alfisols), Cambissolos (Cambisols) and Gleissolos (Gleysols), with texture varying from sandy to clayey ( Figure 1B ). 
Sediment Delivery Monitoring
Streamflow and sediment concentration at the catchment outlet were measured twice a day, during July 2010 through September 2011 (15 months in total) according to the procedures suggested by [40] . Suspended sediment samples were collected from river flow at 6:30 a.m. and 6:30 p.m. with a sampler model DH48 through vertical sample integration. The crucibles empty weight (We) were determined and filled with 50 mL of water (measured in volumetric pipette) and placed in an oven at 105°C for 12 h. The crucibles were cooled in desiccators after water evaporation and weighed in analytical scale to determine remaining sediment weight (Ws), in grams, using Equation (1):
Where: SC is the sediment content in the discharge (mg L −1 ); WS is oven-dried crucible plus the sediment weight; WE is the empty crucible weight; SV is the sample volume (L).
We computed sediment discharge according to Equation (2): 
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We computed sediment discharge according to Equation (2):
where: SY obs is the sediment discharge (Mg T −1 ); DS is discharge (m 3 T −1 ); SC is sediment content in the discharge (mg L −1 ); T is the period (daily, monthly, annual); 10 −6 is the unit conversion factor. The streamflow was determined twice a day (6 a.m. and 6 p.m.) through a thin-plate weir installed in a concrete wall built at the catchment outlet (Figure 2A,B) , across the watercourse. This structure permitted the replacement of the weir form (triangular or rectangular fully contracted) depending on water volume during the evaluation period. 
Where: SY obs is the sediment discharge (Mg T −1 ); DS is discharge (m 3 T −1 ); SC is sediment content in the discharge (mg L −1 ); T is the period (daily, monthly, annual); 10 −6 is the unit conversion factor.
The streamflow was determined twice a day (6 a.m. and 6 p.m.) through a thin-plate weir installed in a concrete wall built at the catchment outlet (Figure 2A,B) , across the watercourse. This structure permitted the replacement of the weir form (triangular or rectangular fully contracted) depending on water volume during the evaluation period. Figure 2 . Flow measurement system located in the catchment's outlet during the dry (A) and wet (B) seasons; tests performed with simulated rainfall for soil erodibility (K-factor) estimation: (C) rainfall simulator, and (D) experimental plot.
Sediment Delivery Modelling
The sediment yield of the studied catchment was calculated for each cell i using Equation 3 [3, 10] . The processing steps detailed in this section are summarized in Figure 3 . The distributed modelling considers the catchment as a raster divided in a number of cells, with a spatial resolution of 1.0 m. The SDR and soil loss for the whole catchment is given by the average between all values from each cell. The sediment yield that reaches the catchment's outlet is the sum of all cell values (SY i est ).
Where: SY i est is the sediment delivery in the catchment outlet in a given period of time in a given time T (daily, monthly, annual) (Mg T −1 ); A i is the soil loss in the cell i in a given time T (daily, monthly, annual) (Mg ha −1 T −1 ); PA is the DEM-HC cell (pixel) area (ha); SDR i is the Sediment Delivery Ratio (dimensionless). 
The sediment yield of the studied catchment was calculated for each cell i using Equation (3) [3, 10] . The processing steps detailed in this section are summarized in Figure 3 . The distributed modelling considers the catchment as a raster divided in a number of cells, with a spatial resolution of 1.0 m. The SDR and soil loss for the whole catchment is given by the average between all values from each cell. The sediment yield that reaches the catchment's outlet is the sum of all cell values (SY i est ).
where: SY i est is the sediment delivery in the catchment outlet in a given period of time in a given time Figure 3 . Workflow chart containing the steps performed for soil erosion and sediment yield modeling.
Soil Loss Estimates
We estimated the sediment delivery in the Córrego Água Azul catchment using the Universal Soil Loss Equation (USLE) [14] :
Where: A i is soil loss calculated for a unit of area in the cell I (Mg ha −1 year −1 ); R is the rainfall erosivity factor (MJ mm ha −1 year −1 h −1 ); K is the soil erodibility factor (Mg ha h ha −1 MJ −1 mm −1 ); L is slope length or steepness factor (dimensionless); S is slope steepness factor (dimensionless); C represents the land cover and management factor (dimensionless); and P is the conservation practices factor (dimensionless).
The R-factor was determined according to the national map developed by Trindade, et al. [41] . To obtain the rainfall erosivity map for Brazil, the authors used 1521 rain gauges with time series longer than 20 years and geostatistical techniques [41] . This R-factor was used to develop the final maps for soil loss and sediment yield after deciding each K-factor estimate would be used in the model simulation step.
We also evaluated monthly sediment delivery estimates using the monthly rainfall erosivity index (EI 30 ) for the same period the sediment delivery was monitored (from July 2010 to September 2011). To estimate the monthly sediment yield of the catchment during the monitoring period (from July 2010 to September 2011), the monthly rainfall erosivity index (EI 30 ) was calculated using measured rainfall data (kinetic energy, intensity, and rainfall depths) as an input to the Rainfall Intensity Summarization Tool (RIST) [21] .
The K-factor was estimated with different approaches: using indirect models and rainfall simulation tests in the main soil types of the catchment. This factor was calculated by the weighted average erodibility of each soil mapping unit, through soil attributes in A horizon and modal profile of these units ( Figure 1B ). We used three widely used empirical equations and from measures of experimental tests with a portable rainfall simulator. Equations 5-7 came from Bouyoucos [38] , the USLE nomograph [14] , and RUSLE (revised USLE) K equations [15] , respectively. 
where: A i is soil loss calculated for a unit of area in the cell I (Mg ha −1 year −1 ); R is the rainfall erosivity factor (MJ mm ha −1 year −1 h −1 ); K is the soil erodibility factor (Mg ha h ha −1 MJ −1 mm −1 ); L is slope length or steepness factor (dimensionless); S is slope steepness factor (dimensionless); C represents the land cover and management factor (dimensionless); and P is the conservation practices factor (dimensionless). The R-factor was determined according to the national map developed by Trindade, et al. [41] . To obtain the rainfall erosivity map for Brazil, the authors used 1521 rain gauges with time series longer than 20 years and geostatistical techniques [41] . This R-factor was used to develop the final maps for soil loss and sediment yield after deciding each K-factor estimate would be used in the model simulation step.
The K-factor was estimated with different approaches: using indirect models and rainfall simulation tests in the main soil types of the catchment. This factor was calculated by the weighted average erodibility of each soil mapping unit, through soil attributes in A horizon and modal profile of these units ( Figure 1B ). We used three widely used empirical equations and from measures of experimental tests with a portable rainfall simulator. Equations (5)- (7) came from Bouyoucos [38] , the USLE nomograph [14] , and RUSLE (revised USLE) K equations [15] , respectively.
where: SAN, SIL and CLA are contents (%) of sand, silt and clay, respectively.
where: M is the silt plus very fine sand contents multiplied by 100 minus clay content (%); a is the organic matter content (%); b is a code related to soil structure (dimensionless); c is a code related to soil permeability (dimensionless).
where: D g is the geometrical particle diameter (mm), based on the fractions of the texture classes and arithmetic means of the particle diameter of each texture class. Soil loss caused by artificial rain was determined in the field using a portable rainfall simulator on plots of 0.7 m 2 [42] (1 m of slope length and approximately 8% of slope gradient) for the main soil classes found in the catchment. Thus, K-factors from rainfall simulations were estimated using the USLE equation. We assigned the constant value of 1 to the Factors C and P [14] , as the simulations were performed in tilled fallow without plant cover conditions; and the value of 0.19 to the Factors L and S obtained from Equations (8) and (9) [43, 44] considering the rainfall simulator plots slope length and gradient. Rainfall simulators that covers a small area can misrepresent some erosion processes that may occur due to the small area (e.g., rill erosion), but it is a suitable way to investigate the soil's onsite conditions more feasibly [45] . A total of 21 field tests were performed in triplicate for each evaluated soil class ( Figure 2C,D) . The rainfall events simulated exhibited 45 mm h −1 intensity and were applied during 60 min. Mean drop diameter was 2 mm, water pressure in the emitters 34.47 kPa and dripping height 2.30 m.
The values of L, S, C and P factors of the USLE were GIS-based information obtained from field surveys. To determine the topographic factor (L and S Factors), we first produced a digital elevation model with hydrological consistency (DEM-HC) for the catchment, using 1.0 m spatial resolution and a scale of 1:5000. This was obtained with ArcGis 9.3 software (ESRI, Redlands, CA, USA), which also was used to computed the L-factor (Equation (8)) [14] and S-factor (Equation (9)) [44] .
where: L is the slope length or hillside factor (dimensionless); λ is the slope length (m) valued for 1 m in the study area due to the DEM-HC spatial resolution; m is the coefficient of Foster, Meyer and Onstad [43] 's equation (dimensionless) (0.5 for slopes ≥ 5%, 0.4 for 4% slopes, 0.3 for slopes ≤ 3%); and 22.13 m is slope length of the standard plot [14] .
where: S is the hillside slope or slope steepness factor (dimensionless); and sen θ is the slope angle (degrees). The calculations resulted in an average topography (LS) factor of 0.263 for the catchment. Land cover and management factor (C-Factor) was determined from land cover and land use maps ( Figure 1C ) of the Córrego Água Azul catchment generated using satellite images from the Ikonos II sensor. The images were exported to ArcGis 9.3 software, which georeferenced the classes of land use and occupation and converted them into vector format. C-factor values were assigned to each land use class, in accordance with Bertoni and Lombardi Neto [25] , who performed an experimental assessment thought the main land uses found in Brazil using standard USLE plots.
Values for the conservation practices (P-factor) were assigned to each conservation practice adopted in the catchment, as proposed by the experimental assessments performed in Brazilian agricultural land sites [25] . Therefore, the P-factor value was 1.0 for areas occupied by buildings, flooded sites and those covered by bare soil; 0.5 for areas planted along the contour lines; 0.2 for livestock-grazing areas; 0.01 for Capoeira (secondary forest) areas; 0.001 for regions covered with grasses and forest.
Sediment Delivery Ratio Modelling
In general, the SDR decreases as the overland flow length increases, as it is more difficult for sediments to reach the channels over longer traveling distances. SDR is calculated from the receiving drainage length ratio to the total drainage length according to the Equation (10) [12] , which has been applied for distributed SDR modeling in similar studies [46, 47] : The flow length algorithm available in the GIS package used as input a flow direction raster obtained previously from the DEM-HC. We computed the flow path for both upstream and downstream. The downstream flow length is the downslope distance along the flow path, from each cell i to the catchment's outlet; and the upstream flow length is the longest upslope distance along the flow path, from each cell i to the top of the drainage divide.
where: FL up is the flow length upstream of the cell i (m) and FL down is the flow length downstream of the cell i (m). The sum of both FL up and FL down is the total length of drainage that pass thought the cell i (m).
Sediment Delivery Estimates
We used the evaluation guidelines suggested by Moriasi, et al. [48] , which consist of three quantitative statistics: Nash-Sutcliffe efficiency (NSE), percent bias (PBIAS) and the root mean square error (RMSE), and graphic techniques in addition the coefficient of determination (R 2 ).
The relative magnitude of the residual variance compared to the measured data variance was calculated using the NSE [49] . This index indicates how well the plot of observed versus simulated data fits the 1:1 line. The tendency of estimates to be larger or smaller than the observed data was evaluated using the PBIAS [50] . The PBIAS is expected to be close to zero when the model is accurate to estimate the sediment delivery. Positive values indicate model underestimation bias and negative ones. The PBIAS can be considered very good if PBIAS < ±15%; good, if 15% ≤ PBIAS < ±30%; satisfactory, if 30% ≤ PBIAS < ±55%; and unsatisfactory, if PBIAS ≥ ±55%. The RMSE is an error index and indicates the error in the unit of the constituent of interest [51] .
We used a scatter plot to compare the observed and the estimated monthly means of sediment delivery in the studied catchment. In addition, the R 2 was also determined for each estimation alternative, and it describes the degree of collinearity between the observed and estimated data, ranging from 0.0-1.0. Values of R 2 greater than 0.5 are considered acceptable [48] .
Results and Discussion
Factors of the USLE
We found an average R-factor of 9378 MJ mm ha −1 year −1 h −1 to the studied area, a high value according to recent R-factor estimation across Brazil developed by Almagro, et al. [52] . The average monthly EI 30 varies along the year (Figure 4A) , agreeing with the average monthly rainfall. Concerning the EI 30 obtained for the sediment yield monitoring period (July 2010-September 2011), the values were higher than the average, however they also agreed with the rainfall depth observed during the monitored period. The inputs (Table 1) for the K-factor equations, which are soil physical characteristics, and the outputs (Table 2 ) are given by soil class for each K-factor estimation method. Table 2 shows K-factor values determined by a direct method (rainfall simulation) and using three indirect methods (Equations 5-7). Irrespective of soil type, the greatest values were obtained by Equations 5 and 7. The inputs (Table 1) for the K-factor equations, which are soil physical characteristics, and the outputs (Table 2 ) are given by soil class for each K-factor estimation method. Table 2 shows K-factor values determined by a direct method (rainfall simulation) and using three indirect methods (Equations (5)- (7)). Irrespective of soil type, the greatest values were obtained by Equations (5) and (7) . The K-factor values determined by Equation (6) were ranked at third place. For all soil classes evaluated, the smallest K value was determined by the direct method. (1) Alfisol (nitossolo vermelho eutrófico chernossólico); (2) Alfisol (nitossolo vermelho eutrófico latossólico); (3) Alfisol (nitossolo vermelho eutrófico latossólico); (4) Oxisol (latossolo vermelho eutrófico típico muito profundo); (5) Oxisol (latossolo vermelho distrófico típico muito profundo); (6) Cambisol (cambissolo háplico Tb Eutrófico típico); (7) Gleysol (Gleissolo Háplico Tb Eutrófico típico); (-) no rainfall simulations were performed on these soil classes.
Except for Equation (5), which produced similar K values between the soil classes, the other methods generated the smallest K values for the Oxisol type. K values obtained by Equation (6), which is the nomograph method, were greater than those obtained with the rainfall simulator for all the soil type. The greatest difference was observed to the Oxisols Latossolo Vermelho Eutrófico (LVe) and Latossolo Vermelho Distrófico (LVd), nearly 12-and 14-fold range, respectively.
The LS-factor distribution though the catchment area can be observed in Figure 5B . The average LS in the study area is 0.72 and among the USLE factors, it is the factor most influenced in the pattern of the gross erosion map ( Figure 6A ). According to Risse, et al. [53] the LS and C factors have been shown to be the two factors that most greatly influence the USLE model's overall efficiency. Figure 5C ,D show the distribution of these values in the catchment based on agricultural data available in the literature [25, 54] . According to Oliveira, Nearing and Wendland [54] , the C-factor can be helpful to evaluate the effect of land use changes on the soil loss rates. Further, mean rates of soil loss under conventional agricultural areas can be 124-fold greater then under undisturbed vegetation [55] , highlighting the importance of such factor.
Sediment Delivery Ratio (SDR)
We calculated the SDR, soil loss, and sediment delivery for each cell in the catchment and the results are shown in Figure 6 . The SDR spatial distribution can be observed in Figure 6B and it is mainly determined by the land topography. However, in some cases, the spatial heterogeneity of the SDR is not represented in the sediment yield modelling in the context of watersheds, and it is computed as a single ratio to multiply by the average gross erosion of the area [7, 56] . We found a SDR value of approximately 5% in the Córrego Água Azul catchment. This value has the same order of magnitude of the SDR (6.1%) found in a similar catchment in terms of annual sediment yield [3] and is similar to the values (5.5-10.5%) observed in a tropical catchment inside the same Figure 5 . Distributed values in Córrego Água Azul catchment for the USLE components, including the best estimates for the K-factor [14] (A); LS-factor (B); C-factor (C); and P-factor (D).
The C and P factors in the catchment, obtained by weighted average, were 0.183 and 0.38, respectively. Figure 5C ,D show the distribution of these values in the catchment based on agricultural data available in the literature [25, 54] . According to Oliveira, Nearing and Wendland [54] , the C-factor can be helpful to evaluate the effect of land use changes on the soil loss rates. Further, mean rates of soil loss under conventional agricultural areas can be 124-fold greater then under undisturbed vegetation [55] , highlighting the importance of such factor. Negative values of NSE and high values of RMSE ( Table 3 ) have indicated that the K-factor based in the Renard, Foster, Weesies, Mccool and Yoder [15] method was not suitable to estimate the sediment yield and the soil loss in the studied catchment. The methods developed by Wischmeier and Smith [14] and Bouyoucos [38] have provided the more suitable K-factor values to be used in the SDR-USLE model to estimate soil loss and sediment yield in the studied catchment. These methods showed the best fit with the observed data ( Figure 4B ) and also had the best efficiencies (Table 3) . However, for a better understanding of the most adequate alternatives to predict soil loss and sediment yield, it is recommended the use of longer observations periods in the model calibration and validation [14, 15] . The K-factor obtained with the portable rainfall simulator [42] presented results near satisfaction according to the NSE, which was close to 0.5 and the lower RMSE, being comparable to conventional experiments (natural rainfall and bigger plots) [69] and an alternative for surveys where field data and resources for conventional experiments are scarce.
We found the same R 2 value for all evaluated methods ( Table 3 ), demonstrating that all of them respect the dynamics of the sediment delivery along the time. The dynamics of the sediment yield is determined by the flow rate, which is sensible to the rainfall. Thus, as the K-factor did not 
We calculated the SDR, soil loss, and sediment delivery for each cell in the catchment and the results are shown in Figure 6 . The SDR spatial distribution can be observed in Figure 6B and it is mainly determined by the land topography. However, in some cases, the spatial heterogeneity of the SDR is not represented in the sediment yield modelling in the context of watersheds, and it is computed as a single ratio to multiply by the average gross erosion of the area [7, 56] . We found a SDR value of approximately 5% in the Córrego Água Azul catchment. This value has the same order of magnitude of the SDR (6.1%) found in a similar catchment in terms of annual sediment yield [3] and is similar to the values (5.5-10.5%) observed in a tropical catchment inside the same biome in Brazil [57] . De Vente, Poesen, Verstraeten, Rompaey and Govers [4] also reported studies in catchments with areas between 30-1000 km 2 and sediment yield (around 100 Mg yr −1 ) that also show SDR values smaller than 10%, indicating that our study area has a small SDR value; considering that the authors found values greater than 50% in some basins.
SDR-USLE Model Evaluation
The uncertainties associated with USLE-SDR family models are barely discussed in the literature and validating the soil erosion rates produced by these models is challenging due to the lack of observational records, especially in data-scarce environments [58] . However, some efforts have been made to compute K-factor flaws [53, [59] [60] [61] [62] [63] , which tend to present a higher uncertainty when compared to the other USLE factors [37] . In contrast to the K-factor, the SDR uncertainties were found to be around 5% [37] . Thus, the USLE-SDR outcomes can be highly influenced by the K-factor and the method selection is important to reduce the bias between the observations and estimates. Hence, Figure 4B shows SDR-USLE-based sediment yield predictions in the studied area, based on the different estimates of soil erodibility obtained by indirect and direct methods, and sediment delivery measures taken directly from the outlet in 2010-2011 (solid red line). Considering that the most realistic sediment yield values are those measured in the outlet, they were used as reference to evaluate and compare the results produced by the different K estimates used in the USLE. Systematic variations in sediment yield estimates were obtained using the soil erodibility values determined by the different Equations (5)- (7) as well as by rainfall simulation. Table 3 evidences the statistical metrics used to compare and contrast observed and estimated sediment yield for the Córrego Água Azul catchment. Compared to the sediment yield measured in the catchment outlet (133.13 Mg yr −1 ) and using the PBIAS as an indicator, K-factor by Renard, Foster, Weesies, Mccool and Yoder [15] produced the most overestimated soil loss and sediment yield predictions (Table 3 and Figure 4B ). This method corresponds to a regression equation based on a global soil survey and taking into account only the particles' geometric diameter. In addition, this method may overestimate the erodibility for Oxisols [64] , and such soil class occupies a large area in the studied catchment. The sediment yield outcomes based on the other K-factor equations showed underestimated values (see the PBIAS values on Table 3 ), likewise studies that uses literature K-factor values to run soil erosion models [61] . Estimates based on Wischmeier and Smith [14] , in turn, resulted in sediment delivery values closer to those measured in the outlet in 2010-2011 (109.58 Mg yr −1 ). The K-factor obtained with the rainfall simulator underestimated the soil erosion, agreeing with Singh and Khera [65] . The sediment delivery was underestimated by using the rainfall simulator K-factor (Table 3) . Some authors have suggested that erosivity values obtained from natural and simulated rainfall are discrepant, and the disadvantage in using simulators is that the rainfall events produced are limited to specific sites and relatively small areas over time, imposing limits for the initial rainfall tests [66, 67] . Although the portable rainfall simulator K-factor presented an intermediate performance near satisfaction in comparison with the other methods, the device used in this study is suitable for generating only interrill erosion, as rill erosion has to be observed in larger plots (this study used 0.7 m 2 plots) [42, 45] . Furthermore, the scale factor is very important in this kind of study, as the larger the plot-size, the better the agreement with watershed-scale measurements [68] . However, the portable rainfall simulator can be an alternative to obtain field-observed K-factor values. Table 3 . K-factor estimation methods performance to predict the sediment yield (SY). Negative values of NSE and high values of RMSE ( Table 3 ) have indicated that the K-factor based in the Renard, Foster, Weesies, Mccool and Yoder [15] method was not suitable to estimate the sediment yield and the soil loss in the studied catchment. The methods developed by Wischmeier and Smith [14] and Bouyoucos [38] have provided the more suitable K-factor values to be used in the SDR-USLE model to estimate soil loss and sediment yield in the studied catchment. These methods showed the best fit with the observed data ( Figure 4B ) and also had the best efficiencies (Table 3) . However, for a better understanding of the most adequate alternatives to predict soil loss and sediment yield, it is recommended the use of longer observations periods in the model calibration and validation [14, 15] . The K-factor obtained with the portable rainfall simulator [42] presented results near satisfaction according to the NSE, which was close to 0.5 and the lower RMSE, being comparable to conventional experiments (natural rainfall and bigger plots) [69] and an alternative for surveys where field data and resources for conventional experiments are scarce.
K-Factor Method in SY Estimation
We found the same R 2 value for all evaluated methods ( Table 3 ), demonstrating that all of them respect the dynamics of the sediment delivery along the time. The dynamics of the sediment yield is determined by the flow rate, which is sensible to the rainfall. Thus, as the K-factor did not change along the time, the rainfall erosivity was responsible for maintaining the same behavior of the four evaluated estimations. The NSE revealed that only the Wischmeier and Smith [14] and Bouyoucos [38] equations provided acceptable results due to their range, which also agreed with the observations. However, it is important to make clear that the methods used to estimating soil erodibility should have an extensive performance evaluation along the country, because of environmental diversity found in Brazil.
Average Annual Soil Loss and Sediment Yield
The results of the USLE factors multiplication that constitute the gross erosion considering the best predictions for the K-factor ( Figure 6A ) and the average R-factor obtained with more than 20 years of rainfall data are shown in Figure 4A . The K-factor map represents the soil variability given by the seven soil classes found in the catchment. We found an average soil loss and standard deviation in the catchment of 12.08 Mg ha −1 yr −1 and 62.60 Mg ha −1 yr −1 , respectively. This high standard deviation can be explained by the high range of the LS-factor, which has values up to 73.5. Similar results have been observed in the study developed by Oliveira, Alves Sobrinho, Rodrigues and Panachuki [2] . We noted the greatest values of soil loss in the northern catchment due to mainly the topography and land use. Overall, the parts of the catchment far from the channels present great resistance to soil loss, with small values for the K-factor.
Using the average gross erosion generated with the USLE ( Figure 6A ) and the SDR map ( Figure 6B ), we obtained the spatial distribution of the sediment yield in the catchment ( Figure 6C ). Each cell reproduces its contribution to the total sediment, which is delivered in the catchment outlet. The total sediment delivery of the drainage area was 166.93 Mg yr −1 (equivalent to 0.006 Mg ha −1 yr −1 ). Both the soil loss and the sediment yield maps show the influence of the LS-factor. However, the presence of roads and bare soil areas can also be noted.
In spite of the relatively short period of observations to evaluate the model's performance, the USLE-SDR distributed approach in a small catchment provides the specific rates for soil loss and sediment yield. For larger areas, distributed approaches are capable of analyzing sediment yields in Brazilian watersheds, where limited input data is available [6] . Likewise, after the integration of the sediment yield map, it represents the average total amount of sediment that may reach the catchment's outlet in accordance with observed data. Therefore, these results contributed to assess the validity of the USLE-SDR distributed approach to estimate soil loss and sediment yield in small catchments in a tropical country applying pedotransfer equations to obtain the K-factor.
Conclusions
In this study, we assessed the performance of different methods to estimate soil erodibility by comparing the sediment yield (SY) observed in the catchment outlet with the estimated SY calculated using the USLE-SDR approach with the K-factor estimates. K-factor values were obtained from three widely used empirical equations developed by Renard, Foster, Weesies, Mccool and Yoder [15] , Wischmeier and Smith (1978) and Bouyoucos (1935) ; and using a portable rainfall simulator.
We found that the K-factor most suitable to estimate soil loss and sediment yield in the studied area was obtained from the Wischmeier and Smith [14] and Bouyoucos [38] methods. Both methods present a percent bias smaller than 50% and acceptable efficiencies and good correlation indexes. Our results also showed that the use of a portable rainfall simulator to estimate the K-factor tend to underestimate soil loss and sediment delivery predictions, and its performance is near satisfactory, being an alternative for data scarce environments. However, studies in other catchments and using longer periods of observations are required to achieve better assumptions concerning the method evaluated in this study.
We found the average simulated soil loss and the estimated total sediment delivery in the catchment of 12.08 Mg ha −1 yr −1 and 166.93 Mg yr −1 (equivalent to 0.006 Mg ha −1 yr −1 ), respectively. Furthermore, the SDR value represents approximately 5% of the gross soil loss in the studied catchment. Hence, these acceptable estimates represent an advance in soil science and hydrology in Brazil and tropical areas, since we found that the USLE-SDR distributed approach may be applied to small watersheds using pedotransfer functions to estimate the K-factor. 
